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AF’I’LICAI  ION  OF  r.IJFSS  LUBRICANT  UUHlNtJ 
KXTRliniON  OF  TITANIUM  AI.r.OYS 


T,‘  V,  Anisimova,  0,  B,  Kozlov,  Ye,  M,  Noi)omn./aiihohly 
A.  G,  Bergeyev,  L,  G,  Stepanskly 
and  0.  M.  Shukhat 


Titanium  Is  distinguished  by  a  raised  tendenoy  to  adhere  to 
the  contact  surfaces  of  a  tool,' which  leads  to  accelerated  tool 
ar.  Low  thermal  conductivity  of  titanium  alloys  (4-8  times  less 
than  for  alloy  steels)  causes  a  large  temperature  drop  near  the 
surface  layers  of  the  billet,  leading  to  the  appearance  of  cc 
slderable  strength  heterogeneity  of  material,  which  Is  reflected 
on  Irregularity  of  deformation  and  the  surface  quality  of  extruded 
articles.  Fast  oxidizability  and  Intense  gas  saturabllity  of  titanium 
at  high  temperatures  causes  a  substantial  change  of  mechanical 
properties  of  surface  layers  of  the  billet,  which  also  Impairs  the 
s  uface  quality  of  the  article  and  accelerates  die  wear.  All  of 
this  cor:s  iderably  complicate  the  selection  of  process  lubricants 

At  present  the  most  suitable  lubricants  for  hot  extrur.lon  of 
riterl,  titanium  and  certain  other  alloys  are  considered  glass 
lulrlcants  fll.  However,  Information  about  their  effective  applica¬ 
tion  during  extrusion  of  tltarilum  is  extremely  Mmlt.*-  j  i. 


The  purpose  of  the  work,  conducted  by  All-Union  Be  i .-i.’  1  fi o 
Research,  Planning  and  Design  Institute  of  Metallurg!  :  ojolnery 
(TOITMETMASh)  jointly  with  the  State  Institute  of  liia:-:  .r.  j 
Stu})3nsk  Metallurgical  Combine,  was  to  determine  th^  ra’lvr.al 


compocltlons  of  glass  lubricants  and  methods  of  their  appl Ic  »tior; 
on  the  billet  and  tool  during  hot  extrusion  of  four  charact.  ivI.jtK- 
titanium  alloys  [3]:  VTl-1,  0T4-0,  VT3-1  and  Vl'ti-l. 

Kxtrunlon  was  performed  on  a  horizontal  hydraulic  pres;  with 
a  force  of  1000  t  with  a  pump-battery  drive.  Speed  of  travf 1  of 
the  mobile  cross  arm  was  50^0  mm/s.  The  press  had  a  die  nu>. ihly 
of  hit  constructlm  and  a  press-punch  withdrawable  from  the  Ji/I.  of 
extrusion  during  feed  of  the  billet  Into  the  container.  Ihe  t  I  i  let:; 
were  h.*ated  In  a  continuous  Induction  furnace  of  Industrial  fre¬ 
quency  with  horizontal  arrangement  of  the  muffle.  During  extrusion 
of  bars  with  diameter  15»  20,  25  and  30  mm,  and  also  i-shape, 
corner  and  channel  bar  type  profiles,  there  was  used  a  container 
11b  mm  In  diameter.  Dies  had  approach  taper  angle  135^.  before 
extrusion  the  forged  titanium  billets  were  subjected  to  complete 
lathe  worK;  during  this  one  end  of  the  billet  was  given  a  shape 
corn'sponding  to  the  front  die  face.  Twelve  brands  of  glass  were 
tested:  No,  176,  No.  209,  No,  176a,  No,  l85v.  No.  lOS,  No.  27I, 

No.  29bapv,  No.  269.  No.  295,  No.  291a4l,  No.  295al6,  and  No.  295a. 

The  numbers  of  all  the  glass  correspond  to  the  numbering  system  of 
the  State  Institute  of  Glass. 

The  first  part  of  the  Investigations  was  aimed  at  selection  of 

glass  suspension  coatings  of  billets  before  heating  for  protecting 

their  surface  from  oxidation  and  gas  saturation  and  creation  of  a 

□ 

layer  facilitating  the  application  of  additional  glass  lubricant. 

The  composition  of  suspension  Included:  85-90^  glass  powder  with 
grain  size  O.07  mn,  10-155^  water  glass  and  water,  added  to  suspension 
density  1.8-2  g/cm^.  Before  application  of  glass  suspension  the 
billets  were  degress  ad.  Thickness  of  the  coating  layer  was  O.b-0.8  rtL'n. 
The  billets  were  dried  In  air. 

As  shown  by  experiments,  with  viscosity  of  glass  over  6000-<'‘  uO 
poises,  complete  fusion  of  the  coating  did  not  occur  during  heating 
of  the  billet;  this  prevented  the  supply  of  lubricant  to  the  die 
hole.  On  the  other  hand,  low  viscosity  of  glass  (leas  then  700-800 
poises)  caused  disturbance  of  the  continuity  of  lubricating  film. 


its  slipping  from  the  heated  billet  during  the  necessary  duration 
of  lioatlng  (40-60  min).  For  VTl-1  and  0T4-0  alloys  at  heating 
tt.mporatures  before  extrusion  800-900°C  the  best  results  wero 
obtained  on  glass  suspension  coating  from  glass  No.  296*  and  for 
alloys  VT5-1  and  VT5-1  at  heating  temperatures  950-1150®C  ^ from 
giass  No.,  lS3v,  and  also  from  glass  No.  I76  and  No.  176a. 


Use  of  only  one  glass  suspension  coating  as  lubricant  permitted 
^extruding  rods  from  VTJ-l  alloy  with  high  surface  quality  at 
elorigatlon  coefficients  up  to  20  (Fig.  1).  However,  with  this  the 
specific  forces  of  extrusion  are  essentially  Increased  (up  to 
100  kg/mm^  when  heating  to  1150°C).  Furthermore,  there  was  observed 
Instability  of  work  of  the  lubricating  coating.  In  certain  cases 
leading  to  its  disturbance  and  the  formation  of  deep  longitudinal 
scratches  on  the  surface  of  extruded  bars,  apparently  caused^by  the 
gradual  adherence  of  titanium  to  the  tool. 


Fig.  1.  Rods, 
pressed  with  the 
use  of  glass  sus 
pension  coating. 


ihe  second  part  of  the  Investigation  was  dedicated  to  selection 
of  additional  glass  for  glass  suspension  coating,  applied  before 
hratiitg,  for  lubrication  of  the  lateral  surface  of  the  heated,. 
i lllet  (by  means  of  rounding  up)  and  the  die  (with  the  aid  of  dl^ 
washers) .  Application  of  such  a  method  of  lubrication  permitted 
not  only  considerably  lowering  the  specific  force  of  extrusion 
(Table  1),  but  also  assurance  of  stable  feed  of  lubricant  into  the 
die  hole,  at  least  at  elongation  coefficients  up  to  60.  However, 
in  ontrast  to  the  use  of  one  glass  suspension  coatlng^n  t.h1s  c&se 


m. 
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on  tnu  surface  of  titanium  extruded  articles  under  the  layer  of 
,,  ,  there  are  observed  characteristic  defects  In  the  form  of  transverse 
p  ripples  and  longitudinal  folds  (Fig.  2).  It  Is  necessary  to  note 
that  the  use  of  rounding  up  the  heated  billets  by  glass  powder  and 

c-  *'■  '  ‘ 

the  die  washers  without  glass  suspension  coating  leads  to  considerably 
deeper  defects,  primarily  In  the  form  of  longitudinal  folds.  It  is  wjj 
noticed  that  low  viscosity  of  glass  for  washers  (less  than  100  ^ 

poises)  leads  to  Increase  of  the  depth  of  ripples;  on  the  other  ■ 

^  .  hand,  glass  whose  viscosity  Is  higher  than  that  of  the  coating,  for 

all  practical  purposes  do  not  work  as  lubricant.  Depth  and  frequency 
Of  location  of  defects  on  the  surface  of  extruded  articles  can  tc 

'  ■  ■ 

j  considerably  decreased  at  a  certain  combination  of  glass  of  suspenalon 

coating,  glass  utilized  during  rounding  up,  and  glass  for  washer.:. 


Tho  most  successful  combinations  of  glass  for  coml-lnod  usu 
during  extrusion  of  articles  from  VTl-1,  0T4-0  and  VT3-J  alloys, 
established  as  a  result  of  investigation,  are  listed  Jti  I'lgs.  3 
ana  '4,  On  Figs.  3  and  M  there  are  graphs  of  the  change  of  viscosity 
of  glass  of  optimum  compositions  (Table  2)  depending  upon  the 
temperature.  Dashed  linos  mark  the  temperature  rang»;u  wf  hc'Htlng 
of  billets  before  extrusion. 


rxlr.aioi.  temperatiu-e 


m  KOO  r 

Extrusloii  itmpeni'ire 


Fig.  4. 


Fig.  3.  Viscosity  of  glass  of  optimum  cim})OSl- 
t  ion  for  '/Tl-1  and  0T4-0  elloys. 

i'ig.  4,  Viscosity  of  glass  of  optimum  com}iijsl- 
tion  for  Vr3-1  alloy. 
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Combined  use  of  p;lass  lubricant  turned  out  tc-  be  ru  I'l'i  •  i  ■  eil.  1;/ 
effective  during  extrusion  of  thin-walled  T-shape  pii'Kiii.-  with 
dimensions  30  x  1.5  nun  made  from  alloy  OT4-0.  Ext, nisi  on  was 
et_rformed  on  a  vertical  press  with  force  200  t  at  speed  of  trav  i 
of  mobile  cross  arm  around  250  min/s ;  (;longation  coefficient  was 
14.5.  Longitudinal  folds  were  not  oi'served  with  this,  and  shalle.' 
transverse  ripples  remained  only  at  ttie  peak  of  the  webs  (Fig.  ‘  '  . 


Fig.  5.  Thin-walled 
T-shape,  (^xtrude-d  with 
the  application  of 
glass  lubricant  in 
the  form  of  suspension 
coating,  rounding  up 
and  washers. 


For  alloy  VT5-1  not  one  of  the  tested  compositions  could  be 
recognized  as  optimum  because  of  the  large  number  of  defects  on  tiu.' 
surface  of  the  article,  although  the  latter  remains  completely 
covered  by  a  layer  of  glass.  More  acceptable  were  glass  No.  l85v  - 
for  suspension  coating.  No.  295a  -  for  rounding  up  and  No,  295apv  — 
for  die  washers. 
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(u)  VNIIMETJtASH  in  conjunction  with  the  State  Institute  for  Class 
and  the  Stupinskiy  Metallurgical  Combine  investigated  the  lubricatjnfr 
properties  of  several  glasses  in  extruding  VTl-1  titaniuni  and 
0T4-0,  VT3-1  and  VT5-1  titanium  alloys.  Degreased  alloy  specimens 
were  dipped  in  a  suspension  of  glass  powder  (0,07  J«ni  riarticle  size) 
mixed  with  water  and  water  glass  with  a  density  of  l,M-2  g/cm  (super¬ 
script  3)  and  dried  in  air.  The  coatii^s  ob  ained  were  0.5-0, 8  mm 
thick.  Pest  results  in  extrusion  of  VTl-1  and  0T4-0  were  obtained 
v.'ith  No.  295  glass  and  in  extrusion  of  VT3-1  and  VT5-1  with  No, 
l&5v  glass. 
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